Lychnophora pohlii Sch. Bip. (Asteraceae), known as "Arnica mineira", is widely used in folk medicine and very abundant in the altitude vegetation of rocky grassland. The aim of this work was to study the density of this species and its relationship with soil parameters in rocky grassland in Diamantina, in the Upper Jequitinhonha region, Minas Gerais. Ten contiguous 20 x 50 m plots were marked (total sampled area 10,000 m²) on the campus Juscelino Kubitschek of the Federal University of Jequitinhonha and Mucuri Valleys (UFVJM). The plants in these plots were evaluated for frequency, dominance and density. The relationship between the density of this species with nine soil physical and chemical properties was analyzed by means of canonical correspondence analysis (CCA). The highest plant abundance (I) of the species Lychnophora pohlii Sch. Bip. was found in the vegetation sampling areas: plot 6 with 255 plants, plot 7 with 173, plot 8 with 189, plot 9 with 159, and plot 1 with 151 plants. In these areas, the floristic soil characteristics were similar, resulting in spatial proximity in the ACC diagrams. The density of Lychnophora pohlii was higher in plots with higher pH, P-rem and base saturation, the variables most strongly correlated with the first axis of canonical correspondence analysis.
INTRODUCTION
The vegetation physiognomies of the cerrado are distributed across plateaus of up to 1,300 m asl, and rocky grassland and altitude grassland are found in the higher regions (Rodrigues & Carvalho, 2001) . Both have particular soil characteristics, being composed of rock outcrops, and a peculiar species composition, including endemic species and species groups, e.g. "candeias", which are evergreen neotropical savanna trees (Diniz et al., 2010) . The cerrado flora has an endemism level of 44 % (Klink & Machado, 2005) and several of its species have a high medicinal value, but are threatened with extinction (Mendonça & Lins, 2000) .
An example of medicinal use is the genus Lychnophora sp., popularly known as "Arnica mineira" (Semir, 1991) . Some arnica species grow on grasslands on quartzite outcrops (rocky grassland) in Minas Gerais, and are widely used in the treatment of injuries, bruises or contusions and of lesions by insect bites (Souza et al., 2003) . Due to its widespread use in folk medicine, the pressure of extractivism on arnica, as on other species of the genus, has become extremely strong. It is therefore currently listed in the category of plants threatened with extinction (SBB, 1992) . Soil parameters can determine the population structure of plants in the cerrado, considered one of the "hotspots" of global biodiversity (Matikosano et al., 2008) . In this sense, studies that relate the population structure of arnica with soil parameters could underlie the selection of naturally appropriate locations for reforestation and planting of this species.
In this context, the purpose of this study was to analyze the relationships between properties of the soil and the population distribution of arnica (Lychnophora pohlii Sch. Bip.) in an area of rocky grassland vegetation where this species is monodominant.
MATERIAL AND METHODS
The study was conducted in Diamantina, Minas Gerais, in the southern region of Espinhaço Meridional. The soils in the study area are mostly sandy, generally with low moisture retention capacity, interspersed with large rock outcrops (Abreu et al., 2005 (Cupolillo, 2008) . In more detail, according to the climatic classification elaborated by Nimer (1989) for Diamantina, the climate domain is tropical, subdomain moderately hot and moderately humid, with climatic variety, of four-five dry months (IBGE, 1977) . The vegetation of the region is predominantly rocky Cerrado and rocky grassland, of which the latter is the vegetation environment of this study. The soils were classified as sandy, according to the Brazilian System of Soil Classification -SiBCS (Embrapa, 2006 The plots for the analysis of vegetation and soil were distributed at representatives locations of the growth conditions of Lychnophora pohlii Sch. Bip., based on visual criteria of the soil cover density of the species. The phytosociology was assessed in a sampling 1.0-ha block of vegetation-covered soil, which was divided into contiguous subplots of 1,000 m² (20 x 50 m) ( Figure 1 ). As suggested for soil sampling by Ribeiro et al. (1999) , six single samples were collected (layer 0-20 cm), to form one composite sample per plot. All soil samples were labeled, packed in plastic bags and separated for physical and chemical analysis, after being air-dried, ground and sieved (2 mm).
The soil particle size was analyzed (for coarse sand, fine sand, silt, and clay fractions), according to Embrapa (1997) . The water pH was measured at a ratio of 1:2.5 (v/v) soil: solution. The organic matter (OM) content was determined by the Walkley-Black method (1934) . Exchangeable Ca 2+ , Mg 2+ and Al 3+ were extracted by 1. 0 mol L -1 KCl and the Ca 2+ and Mg 2+ in the extract determined by titration with 0.01 mol c L -1 EDTA and the Al 3+ content by titration with 0.025 mol L -1 NaOH, as described by Silva et al. (1999) . The nutrients P, K, Zn, Fe, Mn, and Cu were extracted by Mehlich-1 and B extracted in hot water, and the concentration determined by spectrophotometry (Silva et al., 1999) . The potential acidity (H+Al) was determined by extraction with 0.5 mol L -1 calcium acetate at pH 7.0 and alkaline titration (Silva et al., 1999) . The sum of bases (SB), effective cation exchange capacity -CEC (t), aluminum saturation (m), and base saturation (V) were calculated, respectively, by the expressions: SB = (K + + Ca 2+ + Mg 2+ ); t = SB + Al 3+ ; m = 100 x Al/t; V = 100 x SB/SB + (H+Al) .
In the rocky grassland, we surveyed all living plants with circumference at ground level (CGL) 3.0 cm, which included mostly shrub vegetation. For each plant, the species name, CGL and total height were recorded. To describe the community structure of the environments, the following phytosociological parameters were calculated for the plant species and families: relative density, frequency and dominance, as well as the importance value index (MuellerDombois & Ellenberg, 1974) .
Partly, the plants identified in the field were known species, studied and inventoried in specimens in the herbarium Jeanini Felfili of the Federal University of the Jequitinhonha and Mucuri Valleys. From the remaining unidentified plants in the field, botanical material was sampled for later identification based on literature (Silva Junior et al., 2005) , and for comparison with herbarium specimens of the institution. Non-woody species as of the family Velloziaceae were excluded from analysis for standardization of the stratum.
The distribution of species abundance was related with soil variables, by ordination by canonical correspondence analysis (CCA). It was assumed that variations in vegetation in terms of species abundance are strongly linked to environmental variables. Initially, the matrix of environmental variables per plot included 21 soil variables. After a preliminary analysis, 13 of these variables were eliminated due to low correlations (<0.4 with axes 1 and 2).
For the processing of CCA we used program PC-ORD, version 4.14 for Windows (McCune & Mefford, 1999) to produce an ordination with several axes, in which plots and species distribution are represented by triangles, while the environmental variables are represented by the respective names, indicating the direction of the maximum gradient (vector length proportional to the correlation of the variable with the axes). To enhance visualization, the ordering graph was separated in two diagrams, one with the ordering of the plots associated with the environmental variables and the other with the ranking of species abundances Lychnophora pohlii Sch. Bip., represented by the triangle (plot) size (the larger the triangle, the higher the number of plants).
In a rocky grassland gradient, we calculated the Pearson correlation coefficients between soil variables and the three ordination axes of the canonical correspondence analysis to verify the relationship between the variables. 
RESULTS AND DISCUSSION
In the rocky grassland area under study, 19 woody species of 12 families and 16 genera were sampled (Table 1 ). The number of species of the families (in decreasing order) were Asteraceae (4 species) Malpighiaceae (2), Myrsinaceae (2), Melastomataceae (2), Rubiaceae (1), Erythroxylaceae (1), Clusiaceae (1), Fabaceae (1), Marcgraviaceae (1), Myrtaceae (1), Lythraceae (1), Clusiaceae (1), and Araliaceae (1). In terms of family occurrence, Asteraceae was best represented, and 90.34 % of the plants of this family were Lychnophora pohlii Sch.Bip. (Table 1) .
High-altitude dwarf forests, such as arnica forests, can be considered conglomerate rocky grassland in transition to the montane Cerrado itself (Oliveira-Filho & Fluminhan-Filho, 1999) . The degree of local endemism is an important criterion to determine areas of conservation and should be investigated in studies on regional flora. The genus Lychnophora sp. (Asteraceae) is restricted to rocky grassland areas (Nakajima & Romero, 1999) . The species with highest importance value (IV) (in descending order) were Lychnophora pohlii Sch. Bip. Eremanthus glomerulatus, Palicourea rigida, Byrsonima sp, and Eremanthus incanus. Together, these five species represented 84.03 % of the total IV, 96.57 % of the total density, while Lychnophora pohlii Sch. Bip. alone accounted for 89.49 % of the relative dominance (Table  1) . Consequently, the family with highest abundance was Asteraceae, accounting for 94.29 % of the total plant density. The species with the highest densities were Lychnophora pohlii Sch. Bip. Eremanthus glomerulatus, Palicourea rigida, Byrsonima sp. Eremanthus incanus, which represented 26.31 % of all species. With a very high number of plants, Lychnophora pohlii Sch. Bip. was the only species with a frequency of 100 %.
The Brazilian Institute of Geography and Statistics (IBGE, 2004) defines basal area as a phytosociological parameter used to indicate the dominant species in a community. The basal area is estimated by measuring the stem circumference or diameter and by the non-specific formulas used in this study. The parameters related to phytosociology (Table 1) were measured in a total of 1,460 plants, on a total basal area of 2.48 m² ha -1 , of which, only for the species Lychnophora pohlii Sch. Bip., 1,319 plants were assessed on 2.19 m² ha -1 . Similar values were reported by Diniz et al. (2010) , in a study on rocky grassland in Lavras, Minas Gerais, with a density of 2,000 plants ha -1 of Lychnophora pinaster. This number was slightly higher than in this work, since no minimum diameter was used as inclusion criterion. The results of the canonical correspondence analysis (CCA) for the distribution of Lychnophora pohlii Sch. (2007) commented that density expresses the ability of a plant species to colonize the environment. Asexual reproduction by budding can influence the structure of plant populations, as for example the distribution pattern of the species studied (Raven et al., 2001) . As observed by Souza et al. (2003) , the axillary buds of Lychnophora pinaster Mart are regenerative. Vegetative propagation may therefore be one of the factors responsible for the abundance of this plant observed in this study.
Family
The ACC produced low eigenvalues (0.28, 0.25 and 0.18, respectively, for ordination axes 1, 2 and 3) indicated the existence of short gradients, i.e., most species can be found throughout the entire gradient, varying mostly in abundance (Ter Braak, 1987) . The eigenvalue is the relative weight of each axis, explaining the total variance (Santos et al., 2000) . The three axes accounted for 25.3, 22.7, and 16.1 % of the total variance (cumulative total of 64.2 %), indicating little remaining unexplained variance. These values suggest that the environmental measures were apparently sufficient to explain most of the environment-related variation in species abundance. This indicates the existence of microenvironments favorable for the establishment of the species Lychnophora pohlii Sch. Bip., corroborating the results of species abundance and population size structure (Figure 2) , although low values of variance percentage for species abundance are common in vegetation data and have no influence on the significance of the species/environment ratio (Ter Braak, 1988) .
In fact, Monte Carlo permutation tests indicated that species abundance and environmental variables were significantly correlated (p<0.01 for the first two axes).
The environmental variables with strongest internal correlations (r > 0.6) with the first axis, (Table  2) were (in decreasing order) H+Al (r = 0.845), organic matter (r = 0.811), P-rem (r = 0.802), clay (r = 0.719), pH (r = 0.711), and base saturation (r = 0.623). For the second axis, the variables with strongest internal correlations (r > 0.3) were (in decreasing order) effective CEC (r = 0.445), clay (r = 0.330), and H+Al (r = 0.324). The two ordination axes distinguished the soil subgroups very clearly, concentrating the plots with most Lychnophora pohlii Sch. Bip. plants (1, 2, 3, 6, 7, 8, and 9) in the western quadrant, corresponding to a central position on the left of the diagram ( Figure 2) ; the values of P-rem, base saturation, pH and coarse sand were highest in this region, and values of H+Al, organic matter (OM) and clay were lowest. This showed that the most limiting factors to the occurrence of Lychnophora pohlii Sch. Bip. are high Restrictive soil conditions are reflected in the southeast and northeast quadrant (bottom and top right of the diagram, respectively), where plots 4 and 5 are concentrated, respectively, both with fewest Lychnophora pohlii Sch. Bip. plants (Figure 2 ).
Low Lychnophora pohlli Sch Bip. densities were found in the plots 4 and 5, with highest OM contents (1.79 and 2.3 dag kg -1 , respectively) (Figure 3) . The soil in these plots is highly acidic, pH lowest and H+Al highest. According to Moreira & Siqueira (2002) , the high acidity can contribute to the reduction of microbial activity, OM mineralization and nutrient availability. This is most likely the reason for the reduced density of Lychnophora pohlii Sch. Bip, since there were no significant correlations between soil Ca and Mg with density. On the other hand, the P levels in the soil of our study were very low (Table 1) in the area of Diamantina, Minas Gerais region of Espinhaço Meridional. The frequency of these plants was highest in soil with high pH, P-rem and base saturation, which are variables strongly correlated by the ACC.
2. The occurrence of the species Lychnophora pohlii Sch. Bip. is ensured by an environmental adaptation strategy, consisting in the ability of the species to grow in micro-environments that are favorable for its establishment.
